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u 0  D r .  R .  A. Pe t rone  on January 1 3 ,  1 9 7 1 ,  cove r ing  t h e  t o p i c  of  cn( 
D F  Apollo 1 4  launch v e h i c l e  performance c a p a b i l i t y  w i t h  one o r  

more eng ines  o u t .  Apollo 1 4  c a p a b i l i t y  d a t a  a s  determined by 
* MSFC w e r e  p re sen ted  and compared t o  s i m i l a r  d a t a  f o r  Apollo 13. 
\ 
0 A q u e s t i o n  w a s  r a i s e d  du r ing  t h e  p r e s e n t a t i o n  re- 

ga rd ing  t h e  assumptions used i n  de te rmining  t h o s e  engine-out  
ma l func t ions  t h a t  r e s u l t  i n  ' ' loss of  c o n t r o l "  o f  t h e  v e h i c l e .  
I n  o b t a i n i n g  t h e  r e s u l t s  p re sen ted ,  t h e  e f f e c t s  o f  a l l  m a l -  
f u n c t i o n s  w e r e  e v a l u a t e d  f o r  an o the rwise  nominal ly  performing 
v e h i c l e .  For mal func t ions  w h e r e  winds have a s i g n i f i c a n t  e f f e c t ,  
the v e h i c l e  was flown i n  t h e  maximum 95 p e r c e n t i l e  February/March 
wind. The g u s t  was phased with t h e  mal func t ion  t o  e s t a b l i s h  a 
w o r s t  case. For mal func t ions  where winds do n o t  have a s i g n i f i -  
c a n t  e f f e c t ,  t h e  average 50 p e r c e n t i l e  February/March wind from 
252.067 degrees  w a s  used. '  Vehicle  " loss  of c o n t r o l "  occur s  f o r  
engine-out  mal func t ions  t h a t  r e s u l t  i n  (1) t o w e r  o r  pad co l -  
l i s i o n s ,  ( 2 )  a thrus t - to-weight  r a t i o  t h a t  i s  too s m a l l  t o  main- 
t a i n  a c o n t r o l l e d  t r a j e c t o r y ,  ( 3 )  subsequent  gimbal ang le  com- 
mands t h a t  a r e  too  l a r g e  f o r  t h e  engines  t o  f u l f i l l ,  (4) manual 
o r  au tomat ic  a b o r t  cues ,  o r  (5 )  s t r u c t u r a l  f a i l u r e  of t h e  v e h i c l e .  

nJ 
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During t h e  Apollo 6 (AS-502) f l i g h t ,  t h e  two upper  
eng ines  of t h e  S - I1  s t a g e  l o s t  t h r u s t  about  265 seconds a f t e r  
S - I C / S - I 1  s e p a r a t i o n .  This  malfunct ion occur red  a t  a t i m e  c l o s e  
t o  t h e  b o r d e r l i n e  between the  r eg ions  of  p o s s i b l e  loss  of  c o n t r o l  
of  t h e  v e h i c l e  and e a r t h  parking o r b i t  c a p a b i l i t y .  Although t h e  
Apollo 6 miss ion  r u l e s  c a l l e d  f o r  e a r l y  s t a g i n g  t o  t h e  S-IVB f o r  
such  a mal func t ion ,  f l i g h t  c o n t r o l l e r s  d i d  n o t  f u l l y  unders tand  
t h e  n a t u r e  of  t h e  f a i l u r e  u n t i l  t h e  c r i t i c a l  p e r i o d  f o r  loss of  
c o n t r o l  had passed.  Therefore ,  t h e  v e h i c l e  w a s  a l lowed t o  con- 
t i n u e  i t s  f l i g h t  and d i d  achieve t h e  d e s i r e d  e a r t h  park ing  o r b i t  
s u c c e s s f u l l y .  This engine-out f a i l u r e  prompted a thorough re- 
e v a l u a t i o n  of  launch v e h i c l e  engine-out  performance c a p a b i l i t y ,  
r e s u l t s  of which w e r e  used i n  fo rmula t ing  subsequent  miss ion  rules. 

2013-KPK-jab 

Attachments 

K t  P. 
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IMSFC Memorandum, S&E-AERO-MFT-18-71, "AS-509 S a t u r n  V 
Launch Vehic le  Opera t iona l  F l i g h t  Dynamics and Malfunct ion F l i g h t  

, A n a l y s i s , "  January 1 2 ,  1 9 7 1 .  
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